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OVERVIEW OF KINEMATIC VARIABLES IN TOP 
PRODUCTION 

MORRIS BINKLEY and ANDREW BERETVAS 
(for the CDF Collaboration) 

Fermi National Accelerator Laboratory, Batavia, IL 60510 

A selection of simple kinematic variables chosen to be sensitive to different aspects 

of tT production in W + 2 3 jets events are studied. Monte Carlo comparisons are 

made between different top generators (Herwig, Pythis, and Isajet) and a QCD 

background generator (VECBOS). Finally Monte Carlo predictions with the ti 

fraction constrained by the SVX b-tagging rate and measured top mass are com- 

pared with 110 pb-1 of CDF data. We conclude that the CDF data is consistent 

with stadard model predictions using the studied generators. 

1 Preliminaries 

1.1 Data Set Selection 

The data cuts are similar to those of the standard CDF counting experiment. ’ 
The important features are the follrju.ing: 

a Leptons: PT > 20 GeV. This is both the charged lepton and the neutrino 
(the missing ET from the calorimetry corrected for muons). 

l Jets: They are ordered in transverse energy ET. The first three jets are 
required to have ET > 1.5 Ge\’ and detector Jq( < 2. 

l 4th jet: Sometimes an additional requirement of ET(jet4) > 8 GeV. 

l SVX b-tag: The b-tagged data set requires a jet with a displaced vertex 

identified by the silicon vertex detector. 

1.2 Monte Carlo Generators 

All Monte Carlo events are put through complete detector simulation. VEC- 

BOS is used to generate QCD W + > 3 jets background events. The primary tt 

generator is Herwig 5.6, with comparisons made to Pythia 5.7 and Isajet 7.06. 
All three tt generators start with a hard scatter and make LLA corrections via 
parton showers. ’ Herwig uses cohel,ellt parton showers, cluster hadronization, 
and an underlying event based on clata. Pythia has string hadronization and 

an underlying event based on multil~le parton scattering. Isajet uses incoherent 
parton showers. 

2 Kinematic Overview Plots 

For simplicity, the mean and rms of’ each variable are used to characterize 
both the variables and the differeIlt 1Ionte Carlo generators. The variables 
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include the ET of the jets (ordered in ET), missing ET (neutrino), PT of the 
muon or electron, H (sum of all th+b ET in the event), Mass W + 4 Jets (the 
invariant maSS of the W and 4 highest ET jets), lnlmaz (maximum 1~1 of the 3 
highest ET jets), .r\planarity (fractional C Pa perpendicular to the plane with 
the maximum C P’). 

H (Sum All E,) -- W + 23 Jet sample (CDF Preliminary) 
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Figure 1: Overview plots for the H variable (rum all ET). The mean or mu is plotted 

againat the generated top msu for the indicated data set. The Aid points and liner 

are Herwig, the open circles and dslhed line are Pytbia, and the dot-darhedlines are 

Isajet. The hatched horisontd ban& are the limits of VECBOS with two different 

q’ mcder. The plot on the lower right compares the data meana with Monte Carlo 

bands constrained by the measured t; fraction. 

Figure 1, the overview plot for 1 he variable H, is typical. The two plots on 
the left are for the 2 3 jets data set which is about 20% top; the plot on the 
upper right is for the SVX btaggecl data set which is about 75% top. Several 
features should be noted. First. the mean and RMS printed on the plots are for 
the fit to Herwig evaluated at 175 GeV. Secondly, the top generators exhibit 
consistency and are to a good approximation linear in generated top mass. 
Third, the difference between the tagged and untagged data sets is small. 
Fourth, one can estimate how well a variable differentiates between tt events 



and VECBOS events at a given top mass by noticing the difference between 
the t? mean and the VECBOS mean relative to the rms. 

Another point of interest is that variables that have a small rms and a large 
slope are more sensitive to top mash. The smaller the value of ‘rms/slope,’ the 
better the variable is for measuring top mass. In this study, the H variable 
and the Mass of W + 4 Jets have the smallest values of ‘rms/slope.’ In general 
the higher energy jets are more sen+itive to top maSs and the tower energy jets 
are better at discriminating between t? and VECBOS. Using the lower right 
plot in figure 1, it can be estimatetl from the H variable that the top mass is 
about 180 GeV with a 20 GeV unct,rtainty. Note that the statistical accuracy 
of the mean is degraded by the long tails of the H distribution; using a fit 
instead of the mean would significantly reduce the uncertainty in the top mass 
by minimizing the effect of these tails. 
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Figure 2: fiactiorml deviation of Pythia and Isajet means from Herwig. The stara 

UC Pythis and the triangles are hajet. The Herwig mean is printed on the left, 

Figure 2 shows the fractional differences of the means of Pythia and Isajet 
relative to Herwig for our set of variables. The agreement with Pythia is quite 
good. Isajet shows more variation. much of which is consistent with it having 
more gluon radiation. Another observation from this study is that the b-tagged 
events in general have smaller 1~1 maz(jets) which is consistent with a tagging 
bias towards more central events alld slightly higher ET jets. 
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Figure 3: The data meana relative to VECBOS and Herwig Top 175 for the SVX 

b-tagged sample. The left-hand ticka on each line correspond to the VECBOS means 

and the right-hand ticka to the Herwig meana (actual valuer are printed on the left). 

The vertical band rhorr the predicted t? fraction. The solid points and arrows chow 

the data meana and their statistical uncertainties relative to VECBOS and Herwig. 

The SVX btagged sample in OIK data is 28 events. It is expected to 
be about 75% tt from the SVX tagging rate and the estimated backgrounds. 
Figure 3 compares the means of the data relative to the means of VECBOS 
and Herwig Top 175. The shaded vertical band corresponds to the expected 
t? fraction and its uncertainty. The points corresponding to the data means 
are quite consistent with the band. 

3 Kinematic Distribution Figures. 

These figures show the actual distril)utions of the data for a variable. The 
untagged data set for these plots requires a 4th jet with ET > 8 GeV and 
contains about 35% tt. There are four plots: two standard differential plots 
and two integral significance plots. In all plots only the shape of the data is 
compared with the Monte Carlo predictions. The widths of the bands in the 
integral significance plots are due to the uncertainty in the tt fraction and the 
q’ scale for VECBOS. Often an analysis gives the significance of the fraction 
of events above a cut; these integral plots show the significance of the number 
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Figure 4: Distributions for Mass W + 4 Jets. The mlid pointr are the data. On the 

left are standard differential plotr: the daahcd histogram is pure VECBOS and the 

Aaded area is the the expected mixture of VECBOS and Top 175. The plots on the 

right are the deviation of the data integral from the VECBOS prediction in units 

of expected statistical uncertainty: the shaded band is the prediction for VECBOS 

and Top 175 and the striped band is for VECBOS and Top 185. 

of events above any cut. Figure 4 sl~ows the plots for the variable Mass W + 4 
Jets. The agreement is reasonable itnd there is no indication of an anomalous 

variation from predictions at high t? invariant mass. 

4 Conclusions 

Using a variety of variables. a comparison was made between different tt gen- 
erators and reasonable agreement was seen. The sensitivity of the variables 
to different aspects of tt production was also examined. Finally the data was 
shown to be in agreement with the predictions of Herwig and VECBOS con- 
strained by the measured top mass and tt fraction. 
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